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Abstract
The aim of the study was to compare the activities of phenol oxidase, xanthine oxidase and urease, chemical
and physical propertiesin peat profile in raised bog and fen. These studies showed differences in biochemical, chemical
and physical parameters between Kusowo bog and Stążka fen. Increased activity of xanthine oxidase and the contents
of total organic carbon (TOC), hot water extractable organic carbon (CHWE), ammonium and nitrate ions and C/N were
evaluated in Kusowo bog whereas the concentration of total nitrogen was higher in Stążka fen. However, high activity
of xanthine oxidase and amounts of ammonium and nitrate ions were observed in spring and contents of TOC, and
CHWE in autumn. High C/N ratio in Kusowo bog suggests lower decomposition degree of organic residues than in
Stążka fen. Moreover, we demonstrated the increase of urease activity and contents of CHWE, total nitrogen at the depth
of 0-50 cm in both mires.
Keywords: raised bog, fen, physical and chemical properties, enzyme activity.
1. Introduction
Peatlands are remarkable wetland ecosystems
[8], which can accumulate dead organic matter for
millennia. Wet, anaerobic conditions limit
decomposition processes and therefore peatland
plants sequester atmospheric carbon through
photosynthesis. Consequently, natural peatlands are
important carbon sinks, having accumulated up to
about one-third of the global soil carbon during the
Holocene period. There is a substantial diversity of
peatland types in the world. Peatlands can generally
be divided into bogs and fens [8]. Ombrotrophic
peatlands (bogs), which are dominated by
Sphagnum species, cover large areas in Eurasia.
Because they are entirely dependent on the
atmosphere for their water and nutrients, bogs are
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believed to be very sensitive to climate change.
Another type of peatland is the fen, deﬁned as
groundwater-fed wetlands that host unproductive
nutrient-limited vegetation that is dominated by
Cyperaceae and bryophytes [5].
Decomposition is a fundamental process in
ecosystem carbon ﬂux and nutrient cycling. In
nutrient limited environments, such as many
wetlands, the continued availability of nutrient
resources depends on microbial decomposition of
detritus. The enzymes are required to catalyze the
processing of high-molecular-weight organic matter
into assimilable subunits, thus enabling
heterotrophic bacteria to obtain suitable substrates.
The acquisition of nutrients released by extracellular
hydrolysis depends to a large degree on the quality
of the decomposing detritus. This degradation
requires the involvement of many hydrolytic
enzymes. Activities of key enzymes have been used
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as indicators of microbial nutrient acquisition and
the relationships between microbial extracellular
enzymes and litter decomposition have been
explored. There is a general consensus that studying
extracellular enzymes involved in decomposition
may provide valuable information about the cycling
of nutrients in ecosystems [9].
The aim of the investigations was to compare
chemical, physical propertiesand the activities of
phenol oxidase, xanthine oxidase and urease and in
peat profile of raised bog and fen of northern and
central Poland.
2. Material and Method
Kusowo Bog is situated in the West
Pomeranian Voivodship (53o48’57.83” N,
16o32’42.03” E). This is likely the best preserved in
Poland the Baltic type raised bog. Kusowo Bog
Nature Reserve (2010-UNESCO Biosphere
Reserve) was established in w 2005 year to protect
the major part of the bog and its adjacent dystrophic
pond. The area of the Reserve is 326.56 ha being
entirely included into the Jeziora Szczecineckie
Natura 2000 proposed Site of Community
Importance. The vegetation of Kusowo Bog is
dominated by: Drosera rotundifolia, D. anglica,
Vaccinium uliginosum, Empetrum nigrum,
Trichophorum cespitosum, Carex limosa, Sphagnum
balticum, S. centrale, S. compactum, S. fuscum, S.
obtusum, S. russowi, S. tenellum, S. magellanicum
[6].
Stążka fen is located in northern Poland in the
region of TucholaForest on the outwash plain of the
BrdaRiver which formed during the Pomeranian
phase of the Vistulian glaciation. The fen is situated
within the administration limits of the
TucholaForest management area (53o36’17.58”N,
17o57’20.38”E).
This fen covers a total area of 478.45 ha,
where whole complex of natural peatlands is under
protection. The vegetation of Stążka fen is
dominated by: Eriophorum vaginatum, Sphagnum
fallax, S. cuspidatum, S. magellanicum, S. fuscum,
S. recurvum, Juncus effuses, Vaccinium oxycoccos,
Pleurozium schreberi, Scheuchzeria palustris,
Carex limosa, Rhynochospora alba, Drosera
rotundifolia, Pinus sylvestris, Ledum palustre,
Empetrum nigrum, Andromeda polifolia, Calluna
vulgaris, Alnus glutinosa and Calla palustris [7].
The peat samples were taken in June and
October 2010 from above-mentioned investigated
points. The soil cores were collected at depths 0-50
cm and 50-100 cm in the stratigraphic profile of
each peat deposit using 50 cm Instorf sampler and
then wrapped in aluminum foil, transported to the
laboratory at ca. 4oC and stored at -20oC. The
samples were dried at 20oC, sieved through 1 mm
mesh in order to remove large particles and
undecomposed plant debris, and stored prior to
analysis. The degree of decomposition is determined
by a field method, the von Post pressing method
[15]. Soil pH was measured in 1N KCl (1:20 v/v)
suspensions by potentiometric method. Soil bulk
density was determined using the core method from
two layers of the considered peat profiles in three
repetitions. [4]. Porosity was calculated from the
bulk density ratio of the soil to the density of solids.
The total organic carbon (TOC) was analyzed on
Total Organic Carbon Analyzer (TOC 5050A) with
Solid Sample Module (SSM-5000A) produced by
Shimadzu (Japan).
Hot water extractable organic carbon (CHWE)
was evaluated on TOC 5050A equipment produced
by Shimadzu (Japan)[10]. Total nitrogen was
determined by the Kjeldahl methods. Ammonium
(N-NH4+) and nitrate (N-NO3-) ions were measured
by chromatographic method [11].The following
enzymes activities were analyzed in peats: phenol
oxidase [EC 1.14.18.1]by Perucci method [12],
xanthine oxidase [EC 1.17.3.2]by Krawczyński
method [12] and urease [EC 3.5.1.5]by Hoffmann
and Teicher method [12].All determinations of
enzyme activity in peats were performed on a UV-
VIS spectrophotometer Beckman DU®-68 USA
from the early-prepared analytical curve according
to the Lambert-Beer light absorption law by means
of the least squares formulas.
All chemical and biochemical analyzes were
run in triplicate, and the results were averaged. The
confidence intervals were calculated using the
following formula: x tα(n-1) SE, where: x – mean;
tα(n-1) – value of the Student test for α = 0.05; n-1 –
degree of freedom, SE – standard error.
3. Results and Discussions
Both peat soils revealed acidic and neutral
conditions (Table 1). pH in Kusowo bog ranged
from 2.56 to 2.81, whereas in Stążka fen was higher
and amounted from 5.61 to 7.26. Moreover,our
studies showed that the density of solid and bulk
density increase with the depth in Kusowo bog and
Stążka fen (Table 1).
Bulk densities were lower in Kusowo bog
(from 76.70 to 102.40 kg m-3) than in Stążka fen
(from 96.05 to 111.20 kg m-3). Density of solids and
porosity were similar in both mires.
Moreover, the ratio of C/N was higher in
Kusowo bog (from 52 to 75) than in Stążka fen
(from 26 to 36) (Table 1). These values of C/N
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suggest a lower decomposition degree of organic
residues in Kusowo bog than in Stążka fen.
Also, the ratio C/N increased with depth of
peat profile in both mires.
Table 1. Physical parameters in Kusowo bog and Stążka fen
Depth
[cm] Type of peat
Degree of
decomposition
(von Post)
pH Ash[%]
Density of
solid [kg m-3]
Bulk density
[kg m-3]
Porosity
[%] C/N
Kusowo bog
0-50 Sedge -Hypnum H3
2.56-
2.68 3.49 1400.15 76.70 0.95 52-55
50-100
Sedge,
fragments of
wood
H4 2.57-2.81 2.72 1428.40 102.40 0.93 58-75
Stążka fen
0-50 Sedge -Hypnum H3
7.04-
7.26 12.06 1445.00 96.05 0.93 27-28
50-100
Sedge,
fragments of
wood
H4/H5 5.61-5.79 9.15 1478.65 111.20 0.93 26-36
Peatlands, which store large quantities of
carbon, appear to be enzyme-limited systems where
low oxygen availability and low pH restrict
oxidative activities thereby allowing accumulation
of phenols that inhibit hydrolytic activity and
microbial substrate utilization. This, in turn,
contributes to organic matter accumulation [1].
However, higher contents of TOC determined in
Kusowo bog (from 594.33 to 646.75 g kg-1) than in
Stążka fen (from 536.00 to 612.08 g kg-1). The
concentrations of TOC increased in autumn of both
mires (Table 2). Our investigation revealed that the
TOC increase with the depth in Stążka fen but was
similar in all peat profile of Kusowo bog.
Furthermore, earlier research Szajdak et al. [13, 14]
evaluated lower concentrations of TOC in Tagan
peatland of Siberia than in Kusowo bog and Stążka
fen.
Moreover, our studies have showed higher
content of CHWE in Kusowo bog (from 11.32 to
16.57 g kg-1) than in Stążka fen (from 4.94 to 13.77
g kg-1) (Table 2). We observed the increase of the
amount of CHWE in autumn compared to spring in
two layers of both mires. Higher concentrations of
CHWE were evaluated at the depth of 0-50 cm than at
the depth of 50-100 cm in Kusowo bog and Stążka
fen. According to Szajdak et al. [14] the contents of
CHWE were similar in Stążka fen and Tagan peatland
in Siberia [14] but in Kusowo bog was higher.
Our results showed lower concentration of
total nitrogen in Kusowo bog (from 8.68 to 12.04 g
kg-1) than in Stążka fen (from 16.84 to 22.68 g kg-1)
(Table 2). The decline of total nitrogen was
observed in autumn at the depth of 50-100 cm in
both mires.However, the highest amounts of total
nitrogen were noted at the depth of 0-50 cm and the
lowest at the depth of 50-100 cm. According to
Szajdak et al. [13, 14] the content of total nitrogen
was higher in Tagan peatland of Siberiacompared to
Kusowo bog and Stążkafen.
Table 2. Mean contents of chemical compounds in Kusowo bog and Stążka fen
Depth
[cm]
TOC
[g kg-1]
CHWE
[g kg-1]
N-total
[g kg-1]
N-NH4+
[mg kg-1]
N-NO3-
[mg kg-1]
Spring Autumn Spring Autumn Spring Autumn Spring Autumn Spring Autumn
Kusowo bog
0-50 594.33
±14.23
624.25
±12.44
13.05
±0.62
16.57
±0.87
10.78
±0.39
12.04
±0.62
39.50
±3.06
27.35
±1.26
30.80
±1.73
24.68
±1.23
50-100 618.40
±15.81
646.75
±15.77
11.32
±0.50
13.10
±0.39
10.64
±0.46
8.68
±0.30
36.05
±2.82
27.16
±1.68
26.70
±1.16
16.60
±1.02
Stążka fen
0-50 536.00
±11.58
585.28
±13.99
8.99
±0.29
13.77
±0.62
20.16
±0.83
20.72
±0.91
15.18
±0.99
13.54
±0.95
11.39
±0.77
11.69
±0.69
50-100 596.45
±13.20
612.08
±11.61
4.94
±0.13
6.38
±0.29
22.68
±0.91
16.84
±0.87
10.23
±0.78
21.02
±1.14
10.04
±0.96
12.99
±0.86
±Δ x - confidence interval of average at confidence level =0.05 for n-1 degree of freedom; TOC - total organic
carbon, CHWE - hot water extractable organic carbon, N-total - total nitrogen, N-NH4+ - ammonium ions, N-NO3- nitrate
ions
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These investigations showed higher amounts
of N-NH4+and N-NO3-in Kusowo bog than in Stążka
fen (Table 2). Theresults revealed higher
concentrationsof N-NH4+ and N-NO3- in spring than
in autumn of Kusowo bog. However, lower content
of these ions was determined at the depth of 0-50
cm than at the depth of 50-100 cmin Kusowo bog.
Phenol oxidase is one of the few enzymes
able to degrade recalcitrant phenolic materials.
Phenol oxidase requires bimolecular oxygen for its
activity, and Freeman et al. [2] proposed that
oxygen constraints on this single enzyme can
minimize the activity of hydrolytic enzymes
responsible for peat decomposition. As a result
phenol oxidase activities are especially critical to
understanding the potential responses of the carbon
cycle in peatlands to global climate change [16]. In
the present work the activity of phenol oxidase was
similar between Kusowo bog (from 37.90 to
64.10μmol h-1g-1) and Stążka fen (from 44.71 to
63.71μmol h-1g-1) (Table 3). In Kusowo bog lower
activity of phenol oxidase was determined at the
depth of 0-50 cm than at the depth of 50-100 cm.
However, higher activity of this enzyme was
confirmed in Polish mires than in Tagan peatlands
of Siberia [13.
Table 3. Mean enzyme activities in Kusowo bog and Stążka fen
Depth
[cm]
Phenol oxidase
[μmol h-1g-1]
Xanthine oxidase
[μmol h-1g-1]
Urease
[μmol h-1g-1]
Sprin
g Autumn Spring
Autu
mn
Sprin
g Autumn
Kusowo bog
0-50 37.90
±8.46
41.64
±8.00
47.66
±7.24
22.64
±3.54
9.80
±0.88
15.43
±0.76
50-
100
62.74
±9.11
64.10
±8.66
36.94
±6.50
24.35
±4.58
6.56
±0.63
12.11
±0.85
Stążka fen
0-50 53.88
±9.07
63.71
±9.31
26.38
±3.46
15.28
±1.82
13.85
±0.91
14.92
±0.62
50-
100
44.71
±7.67
58.13
±9.55
22.69
±3.59
12.82
±1.47
11.38
±0.92
10.95
±0.46
±Δ x - confidence interval of average at confidence level =0.05 for n-1 degree of freedom
Xanthine oxidase is the last enzyme in the
pathway of the degradation of purine derivatives
from nucleic acids and is assumed to be a rate-
limiting step in purine metabolism. It is also
assumed that it takes part in alcohol metabolism; it
plays a role in the incorporation of iron in ferritin.
Xanthine oxidase oxidizes hypoxanthine and
xanthine to uric acid in the purine catabolic
pathway. It participates in the cycle of nitrogen and
oxydo-reduction processes in soils [3]. Data
presented in table 3 showed higher of xanthine
oxidase activity in Kusowo bog (from 22.64 to
47.66μmol h-1g-1) than in Stążka fen (from 12.82 to
26.38 μmol h-1g-1). Our studies revealed that the
activity of xanthine oxidase increase in spring of
both mires. In addition, Szajdak et al. [13, 14]
evaluated similar activity of xanthine oxidase in
Tagan peatland of Siberia and in Kusowo bog, but
activity of this enzyme decreased in Stążka fen.
Soil urease is involved in nitrogen
mineralization. These results showed significant
differences of urease activity between Kusowo bog
(from 6.56 to 15.43μmol h-1g-1) and Stążka fen
(from 10.95 to 14.92 μmol h-1g-1)in spring
(Table 3). However, higher activity of urease was
evaluated at the depth of 0-50 cm than 50-100 cm in
both mires. Furthermore, investigation of Szajdak et
al. [14] indicated the highest of activity of urease in
Tagan peatland of Siberia compared to Kusowo bog
and Stążka fen
4. Conclusions
These study showed differences in
biochemical, chemical and physical parameters
between Kusowo bog and Stążka fen. Increased
activity of xanthine oxidase and the contents of
TOC, CHWE, ammonium and nitrate ions and C/N
were evaluated in Kusowo bog, whereas the
concentration oftotal nitrogen was higher in Stążka
fen. However, high activity of xanthine oxidase and
amounts of ammonium and nitrate ions were
observed in spring whilethe contents of TOC, and
CHWE in autumn. Higher ratio of C/N suggests lower
decomposition degree of organic residues in
Kusowo bog than in Stążka fen.
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